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REPORTS 
Detection of 3-Hydroxy Fatty Acids at Picogram Levels in Biologic 
Specimens. A Chemical Method for the Detection of Neisseria 
gonorrhoeae? 
INDER JIT SUD, PH.D., AND DAVID S. FEINGOLD, M.D. 
Departments of Dermatology and Medicine, Boston University School of Medicine and Veterans ' Administration Hospital, Boston, 
Massachusetts, U.S.A. 
A method for the detection of 3-hydroxy dodecanoic 
acid at low picogram levels is described. The procedure 
involves preparation of a heptafluorobutryl derivative 
of the butyl ester of the fatty acid and its detection by 
gas-liquid chromatography using an electron capture 
detector. The method was adapted for use with biological 
specimens. Potential of the method for screening for 
gonococcal infection is discussed. Limitations of the 
:method are that about 105 Neisseria gonorrhoeae cells 
are required for detection and that interfering sub-
stances are a major problem working at maximum sen-
sitivity of the electron capture detector necessitating 
complex p,urification procedures. The method eliminates 
the need to maintain the viability of cells in specimens, 
thus ·facilitating collection and transport of specimens. 
Gas-liquid chromatography (GLC) has been used to identify 
rrricroorgal'lisms growing in defined media for the purposes of 
identification and speciation [1-4). Recently work has been 
published suggesting that the diagnosis of some infections is 
possible by GLC analysis of biologic specimens [5-11). In most 
situations, identification has depended on recognition of specific 
patterns of metabolites of the organisms or infected tissues. 
This study represents work from our laboratory to establish the 
presence of organisms in biologic specimens by detecting the 
presence of unique marker molecules from the organisms rather 
than patterns of metabolites. Hereiri, we report a method to 
identify 3-hydroxy dodecanoic acid (3-0H C12!0 or ,B-hydroxy-
lauric acid) in low picogram amounts, and the preliminary 
studies of using the fatty acid as' a marker for the presence of 
Neisseria gonorrhoeae. . 
Most gram-negative bacteria contain 3-hydroxy tetradeca-
noic acid (3-0H C14:0 or ,B-hydroxymyristic acid) which is an 
integral component of lipid A. These organisms, at times, con-
tain some 3-0H C12:0 but, in our experience and from the 
literature, it is always leSs than 5% the quantity of 3-0H Cf4:0 
[12-14]; i.e., 3-0H CI2:0/3-0H C14:0 = <0.05. Neisseria differ 
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Abbreviafions: ' , 
DEGS: diethylene glycol succinate' 
ECD: electron capture detector ' . 
FID: flame ionization· detector ' . , 
GLC: gas liquid chromatography . " " 
HFBA: heptafluorobutyric anliydride' I' 
TLC: thin-layer. chromatography . ". ,'; 
from most other gram-negative bacilli in that 3-0H C12:0 is the 
major hydroxy acid and is responsible for 10-20% of the total 
fatty acid content of t h e cells [15-17]. The rationale for using 
3-0H C12:0 as a marker for the presence of N. gonorrhoeae is 
developed further in the "Discussion" section. However, in 
these studies, we determine the ratio of 3-0H C12:0/3-0H C14: 
o in biologic specimens; if the ratio is greater than 0.2, we 
assume the presence of Neisseria since gram-negative bacilli, 
such as Enterobacteriacae, always have a ratio lower by at least 
a factor of 4. 
MATERIALS AND METHODS 
Reagent and Chemicals 
Organic solvents used were of the highest grade available commer-
cially. Heptafluorobutyric anhyride (HFBA) was obtained from Pierce 
Chemical Co., Rockford, Illinois and was stored at - 20°C. Free 3-
hydroxy acids (3-0H C12:0 and 3-0H C14:0) were prepared by saponi-
fication of the corresponding methyl esters obtained from Applied 
Science Laboratories, Inc., State College, Penn. and were dissolved in 
ether to give solutions of known concentrations. The n-butanol-hydro-
chloric acid reagent was prepared by passing dry hydrochloric acid gas 
(Liquid Carbonic, Tewksbury, MA) into ice-cold n-butanol until a 2.5% 
increase in weight occurred. 
Biological M~terials 
The strain of N. gonorrhoeae (BI-21) and the method used for its 
cultivation have ' been described [17]. The liquid medium contain-
ing (gm/liter): proteose peptone No.3 (Difco Laboratories, Detroit, 
Mich.), 10.5 gm; soluble starch, LO gm; KH2PO." 4.0 gm; NaCI, 5.0 gm. 
. After autoclavirig sterile solutions of the following were added: glucose, 
5.0 gm; NaHCO", 0.42 gm; supplement B (Difco), 10 ml. Cells in the 
midlogarithmic phase of growth were harvested and washed once with 
normal saline. The cells were then suspended in saline, distributed into 
tubes in small volumes, and frozen. The cells were thawed as needed 
for perfecting the techniques of extracting and quantitating 3-0H C12: 
O. Just before harvesting, the number of viable cells was determined by 
plating various dilutions of the culture on solid media; the total number 
of bacteria was also determined by counting the particles in ·a Petroff· 
Hausser counting chamber. 
Bacterial species frequently constituting the predominant normal 
vaginal flora [18] were screened for the presence of 3-0H C12:0 and 3-
OH CI4:0; these included 2 strains of Lactobacillus plan.tarum, Pep-
tostreptococcus anaerobius, Peptococcus asaccharolyticus, Peptococ-
cus prevolii, and Bacteroides tragilis. Fresh liquid cultures of these 
(kindly supplied by Dr. Andrew Onderdonk, VA Hospital, Boston), 
each containing 1 X 10" to 5 X 10" cells, were centrifuged; the cells were 
v,:ashed once with normal saline and then lyophilized. 
Cervical specimens were obtained from the Family Planning Clinic 
at the Beth Israel Hospital, courtesy of Dr. Johanna Perlmutter, and 
from the Denver, Colorado Metro Health Clinic, courtesy of Dr. Frank 
Judson. They were collected on swabs made. of glass wool. The glass 
wool used for making swabs was thoroughly washed with chloroform: 
methanol (2:1, v/v) prior to preparing the swabs. The specimen swabs 
. were separated from the sticks and placed in screw-capped glass tubes. 
They were then dried over NIiOH pellets in an evacuated dessicator. 
Fresh human plasma to . be analyzed was distributed in 0.5 ml 
amounts in screw-capped glass tubes and lyophilized before treatment. 
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Spiking of Samples 
Plasma or cervical specimens were spiked either with known amounts 
of standard hydroxy acids or with known numbers of N. gonorrhoeae 
ceUs. Known volumes of hydroxy acid solutions were added to dried 
specimens and the solvent (ether) evaporated with a stream of nitrogen. 
In the case of spiking with ceUs, a known number of cells was added as 
ceU suspension (see above) to plasma or to cervical specimens known 
to be culture negative for N. gonorrhoeae, before drying. 
Preparation of Butyl Esters 
Only dried or lyophilized samples were used for butylation with n-
butanol-HC!. In the case of standard hydroxy acids, known amounts 
(50 f.Lg) of the ac ids were taken into tubes and the solvent evaporated 
with a stream of nitrogen. One ml of n-butanol-HCI was added to these 
tubes and to tubes containing lyophilized plasma or bacterial samples; 
in the case of cervical specimens, 2-3 ml of the reagent was added. 
Appropriate reagent blanks were carried with all experiments. 
All tubes were tightly capped with Teflon-lined screw-caps and then 
heated at 80°C for 2 hr. After cooling, 4 ml of water and 4 ml of 
petroleum ether were added. The tubes were vortexed vigorously and 
then centrifuged for 5 min at 3000 rpm. The upper organic phase was 
removed. The aqueous phase was re-extracted with 4 ml of petroleum 
ether and the organic phase removed. The pooled organic phases were 
then dried at 45°C using a stream of nitrogen. 
Butyl esters obtained from standard hydroxy acids were used directly 
for preparation of HFBA derivatives. In all other cases, the esters were 
subjected to thin-layer chromatography (TLC) for isolation of hydroxy 
ac id esters before reaction with HFBA reagent. 
Thin·layer chromatography 
The butyl esters were placed as a thin band on pre coated silica gel 
plates (5 x 20 cm; layer thickness, 0.25 mm; silica gel 60, EM Labora-
tories, Inc. , Elmsford, N.Y.) and developed with hexane: ether (70:30, 
v/v). Known butyl esters were carried on separate plates and located 
by exposure to iodine vapors or by charring with sulfuric acid. Silica gel 
from areas corresponding with the standard hydroxy acid esters were 
scrapped off into glass centrifuge tubes and the gel extracted 3 times 
with ether. The extracts were dried with a stream of nitrogen at 45°C. 
Preparation of HFBA Derivatives 
Butyl esters from standard hydroxy acids or the OH-fractions from 
other experiments were taken up in 50 f.L1 of hexane and 20 f.L1 of the 
HFBA reagent was added. The tubes were tightly capped and kept at 
room temperature with frequent stirring. After one hour, 0.5 ml of 
hexane was added followed by addition of 0.5 ml of 50% ammonium 
hydroxide. The tubes were vortexed vigorously and aUowed to stand in 
ice. The lower aqueous phase was removed with a pasteur pipette and 
discarded. After addition of 0.5 ml of distilled water, the tubes were 
vortexed and the lower phase again discarded. Water (0.5 ml) was 
added, the tubes vortexed and then centrifuged for 5 min at 3000 rpm. 
The upper hexane phase was carefuUy removed and transferred to 3-
ml glass conical tubes. The interface was washed once with hexane and 
the hexane washing combined with the previous hexane phase. The 
conical tubes were immersed in a water bath at 35°C and the solution 
brought to dryness with a slow stream of nitrogen. The derivatives 
were taken up in a known volume of hexane and stored at 4°C. 
The HFBA derivatives obtained from standard hydroxy acids were 
directly used for GLC; when needed, the hexane solutions were further 
diluted so that the injection volume (2 ILl) contained the required 
amount of derivative for detection. HFBA derivatives obtained from 
all other sources were purified further by column fractionation before 
use. 
Purification of HFBA Derivative 
GLC was used for this purpose and the instrument employed was a 
Packard gas- liquid chromatograph fitted with a coiled colum air oven 
(Model 804 ). An 8-ft glass column (I.D., 2.0 mm) was packed with 3% 
SE-30 on chromosorb WHP (80/ 100 mesh) and operated at 180°C with 
a nitrogen carrier gas flow rate of 40 ml/min. The injection port and 
the detector chamber were kept at 200°C. The column exit in the 
detector chamber was fitted with a I-inch long Teflon tubing which 
could be connected to the flame ionization detector (FID) or to the 
fraction collection system. The latter consisted of a 1O-inch long glass 
tube (I.D., 2.0 mm) kept at 180°C with a flexible heating tape. The 
fractions were coUected by bubbling the effluent through ice cold 
hexane. 
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Before fractionation of samples, the column was connected to the 
detector and a standard solution of HFBA derivatives of hydroxy acid 
butyl esters was injected at zero time. Times corresponding to the start 
and end of the 2 peaks as identified by the FID were determined. Under 
these conditions, the 3-0H C12:0 derivative exited between 12.5 and 
13.5 min from the time of injection; the 3-0H C14:0 derivative came 
between 26.5 and 28 min. The column exit was then connected to the 
coUection system. The samples to be fractionated were taken in 5-10 
,.Ll of hexane and then injected. Effluents, exiting at times corresponding 
to the exit times of the standard derivatives, were coUected as described. 
The fractions were stored in the cold and, prior to repeat GLC using an 
electron capture detector (ECD), were just brought to dryness at 35°C 
with a gentle stream of nitrogen and the residues taken up in hexane. 
Gas-liquid Chromatography 
The instrument used was Schimadzu GC-6A equipped with a hydro-
gen flame detector and '''Ni electron capture detector. Temperatures 
used were: column, 170°C; injection port and detector, 200°C. 
For ECD work, a glass column (3 m X 2.6 mm I.D.) packed with 10% 
diethylene glycol succinate (DEGS) on Chromosorb WAW (80/100 
mesh) or 3% OV-101 on Gas Chrom (80/100 mesh) was used. The 
carrier gas (Nt) flow rate was 30 ml/min. The usual electrometer 
settings were: pulse, 2.5 x 10" Hz; sensitivity, 100 x 10(;; range, 2 X 10- 2 
V. The sensitivity and range settings were appropriately altered when 
required. For FID studies on this instrument, a 10% DEGS column (2 
m X 2.6 mm I.D.) was used as described above. The carrier gas flow 
was 60 ml/ min. 
Recovery Estimates 
Calculations of recoveries were based on com'parison of peak areas 
(determined by triangulation) before and after a given procedure. GLC-
FID was employed for recovery experiments involving TLC of butyl 
esters; GLC-FID or GLC-ECD was used in the case of HFBA deriva-
tives before and after column fractionation. To check the recovery of 
hydroxy acids for the entire procedure, samples (plasma or cervical 
specimens reported to be culture negative for gonorrhoeae) spiked with 
known amounts of hydroxy acids were carried through the whole 
procedure and the final peaks of HFBA derivatives were compared 
with those derived directly from the solution used for spiking. 
Ratio of 3-0H C12:0 and 3-0H CJ4:0 derivatives: 
In the case of cervical specimens which showed the presence of both 
the derivatives, the ratio of 3-0H CI2:0/3-0H C14:0 was determined 
from the respective peak areas. The specimen was scored as positive 
for the presence of N. gonorrhoeae if the ratio was greater than 0.2. 
RESULTS 
The n-butanol-HCl method used for preparing butyl esters 
from biological material gave the required esters in one step as 
compared to the often-used saponification-esterification proce-
dure [19] which requires several steps. As judged by GLC-FID, 
the yield of fatty acid esters from plasma was essentially similar 
by the 2 methods. However, in several comparative experi-
ments, the n-butanol-HCl method gave a better yield of 3-0H 
C12:0 from N. gonorrhoeae cells as compared to the saponifi-
cation-esterification method. 
Pure hydroxy acid esters reacted with the HFBA reagent and 
the reaction was complete at the room temperature within one 
hour. GLC-FID of reaction mixtures showed disappearance of 
butyl ester peaks and emergence of 2 new peaks. Fig 1 shows 
chromatograms of butyl esters before and after reaction with 
the reagent. Reaction mixtures containing the reagent alone did 
not show any peaks. Other experiments showed that the non-
hydroxy fatty acid esters were unaffected by the HFBA reagent. 
The HFBA derivatives were relatively stable towards 
aqueous washes; a 10% loss occurred during the washes em-
ployed in preparation of the derivatives as indicated by GLC-
FID of reaction mixtures before and after washing procedures. 
Caution had to be exercised during the drying of solutions of 
HFBA derivatives. The solutions were just brought to dryness 
at 35°C under a slow stream of nitrogen. Continued drying 
resulted in a progressive loss of derivatives, especially that of 3-
OH CI2:0. The choice of butyl esters was necessitated by the 
extreme volatility of esters with fewer carbons; methyl, ethyl or 
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propyl ester derivatives could not be concentrated or dried 
without serious losses. 
Fig 2 shows a GLC-ECD proflle of the HFBA derivatives. 
The peaks were fairly sharp and well removed from the solvent 
front, a condition very desirable for detection at trace levels. 
The retention times for the 3-0H C12:0 and 3-0H C14:0 deriv-
ative were 16 and 37 minutes, respectively. 
The response of the ECD to various amounts of HFBA 
derivatives was determined. The derivatives were prepared 
starting from a standard solution (1 mg/ml) of free 3-hydroxy 
acids, and then diluted with hexane to give picogram amounts. 
Fig 3 shows the standard curve obtained. The detector response 
was linear between 5 and 50 pcg injected for both the deriva-
tives. 
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FIG 1. GLC-FID of butyl esters of 3-hydroxy fatty acids. 3-hydroxy 
dodecanoic is fust peak and 3-hydroxy tetradecanoic is second peak 
before (A) and after (B) reaction with HFBA reagent. Column (2 m x 
2.6 mm); 10% DEGS at 170°C; nitrogen flow rate, 60 rnl/ min. 
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FIG 2. GLC-ECD of HFBA derivatives of butyl esters of 3-hydroxy 
fatty acids. 3-hydroxy dodecanoic is fust peak and 3-hydroxy tetrade-
canoic is second peak. Column is 3 m x 2.6 mm; 10% DEGS at 170°C; 
G3Ni detector at 200°C; nitrogen flow rate, 30 ml/ min. 
Thus, the 3-hydroxy acids are detectable in the form of 
HFBA derivatives at extremely low levels. The possibility of 
extending this method to biologic specimens was explored. 
Preliminary experiments using N. gonorrhoeae cells and spiked 
and unspiked plasma showed that it was necessary to isolate 
the hydroxy acid esters before reaction with the HFBA reagent 
and also to purify the HFBA drivatives before the latter could 
be subjected to GLC-ECD at maximum sensitivity. 
TLC was chosen to separate the hydroxy acid esters. Under 
the conditions employed, the hydroxy acid esters (Rr, 0.4) were 
well separated from the non-hydroxy acid esters (Rr, 0.85). A 
series of recovery experiments involving standards as well as 
spiked plasma showed that more than 90% of the hydroxy acid 
esters were recovered after subjection to TLC. Fig 4A shows a 
GLC-FID profile of total esters derived from plasma spiked 
with both 3-0H C12:0 and 3-0H C14:0. The hydroxy acid esters 
were easily separable from those of serum by TLC as shown in 
Fig4B. 
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FIG 3. Standard curve showing "'Ni detector response to various 
amounts of HFBA derivatives of 3-hydroxy acid butyl esters . ..__e, 
3-hydroxy dodecanoic acid; 0---0, 3-hydroxy tetradecanoic acid: 
GLC-ECD conditions were the same as in Fig 2. 
A B 
Minules 
FIG 4. Purification of hydroxy fatty acid butyl esters by TLC. GLC-
FID profIles of butyl esters derived from plasma spiked with both 3-
OH C12:0 and 3-0H C14:0. A, total esters before TLC; B, 3-0H acid 
esters after extraction from thin-layer chromatograms of total esters. 
GLC-FID conditions were the same as in Fig 1. 
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The HFBA derivatives were purified by column fractionation. 
The choice of using SE-30 as stationary phase was based on its 
low bleed properties and the fact that effluent (bleed) from the 
column, when collected and run on GLC-ECD, did not interfere 
with the detection of hydroxy acid derivatives. Good recoveries 
(90% or better) were obtained during several trial runs using 
standards as well as spiked specimens. 
The entire procedure was examined for recovery by using 
plasma spiked with various amounts (25-250 p.g) of hydroxy 
acids. GLC-FID of fractionated HFBA derivatives showed final 
recoveries ranging from 68-77% (Table 1) of the starting ma-
terials. Fig 5 is a flow sheet which outlines the procedure as 
finally adapted to biologic specimens. 
The sensitivity of the procedure when applied to biologicals 
was examined by using plasma spiked with picogram amounts 
(5-500 pcg) of hydroxy acids. Based on the volume of HFBA 
derivatives injected on the column for GLC-ECD, 25 pcg of 
each acid was detectable. Similar preparations derived from 
unspiked plasma did not contain these peaks. 
The number of N. gonorrhoeae cells that could be detected 
by this method was determined. The BI-21 strain used grew 
mostly as diplococci in the liquid culture resulting in good 
correlation between viable counts and the particle counts; thus, 
in a typical experiment, the viable counts were 1.7 X 107 cells/ 
mI as compared to the particle count of 2.1 X 107 particles/mI. 
Starting with 3.45 X 1O!l viable cells, the fractionated HFBA 
derivative of the 3-0H C12:0 ester was diluted with hexane in 
lO-fold steps, and 2 aliquots from each dilution were examined 
by GLC-ECD. It was found that the amount of HFBA deriva-
tive of 3-0H C12:0 in 5 X 104 cells gave a 3.4 cm high peak. 
Some bacteria representing the major vaginal flora were 
screened for the presence of 3-0H C12:0 or other components 
which could interfere with the detection of 3-0H C12:0. The 
HFBA derivatives derived from 1 X 109 cells of each were 
subjected to column fractionation and the fractions examined 
by GLC-ECD. Amounts of the fractions representing 4 X 107 to 
TABLE 1. Recovery of 3·hydroxy acids from spiked plasma 
Amounl of each hydroxy acid 
added lo plasma (I'S) 
% of recovery" 
3·0H CJ2:0 3-0H Cl4:0 
25 
50 
100 
150 
200 
74 
73 
68 
75 . 
77 
74 
75 
71 
69 
74 
" Calculation of recoveries' based on comparison of peak areas derived 
from fractions with those derived directly from standard solutions. 
Dri ed s pec im n 
Off- fat ty acid 
but yl es ters 
2. 5% n-but anol-HCl 
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TLC on s i l i c a 
De ve l o i n he xa ne :e t he r 
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FIG 5. Flow sheet summarizing the procedure as applied to biologi-
cal specimens. 
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108 cells, when injected on column, were found to be free of 3-
OH C12:0. 
Thirty one cervical specimens, with known culture results for 
N. gonorrhoeae, were examined by this procedure. Results 
from GLC-ECD data are tabulated in Table II. Of the 19 culture 
positive specimens, 15 were found to be positive for the presence 
of N. gonorrhoeae by these techniques. In some of these, 3-0H 
C14:0 was also detected but in all such cases, the ratio of 3-0H 
C12:0 to 3-0H C14:0 was greater than 0.2. Of the 12 culture 
negative specimens, nine were found to be negative and three 
positive by our criterion. It is important to note, however, that 
estimates of false negative vaginal cultures range between 10 
and 20% [20,21)' Hence, it is possible that some or all of the 3 
specimens were identified as positive from culture negative 
patients were, in fact, true positives. 
Fig 6 shows representative GLC-ECD profIles of the 3-0H 
C12:0 and 3-0H C14:0 fractions derived from 2 cervical speci-
mens, one determined to be positive and one negative by these 
methods. 
DISCUSSION 
Development of the most sensitive assays for 3-hydroxy fatty 
acids was beset with .several technical problems. The hydroxy 
acid HFBA derivatives . were extremely volatile necessitating 
the use of butyl esters; ' esters smaller than butyl were unac-
ceptably volatile. For working at maximum sensitivity of the 
ECD, only purified HFBA derivatives could be used. A TLC 
step was required to remove nonhydroxy fatty acid esters. After 
formation of the HFBA derivatives, these required purification 
TABLE II. Results of culture and GLC procedures on tested 
specimens 
Culture" Culture 3-0H C12:0 3-0H C14:0 Inter-
.No. resull Delecled Delecled AlB" prela-tion" 
1 + Yes Yes 0.7 + 
2 + Yes No 00 + 
3 + Yes Yes 1.2 + 
4 + Yes No 00 + 
5 + Yes No 00 + 
6 + Yes Yes 1.3 + 
7 + Yes No 00 + 
8 + Yes Yes 1.7 + 
9 + Yes No 00 + 
10 + Yes No 00 + 
11 + Yes Yes 1.2 + 
12 + Yes Yes 2.3 + 
13 + Yes Yes 0.6 + 
14 + Yes Yes 0.4 + 
15 + Yes Yes 0.8 + 
16 + No No 0 
17 + No ND" 
18 + No No 0 
19 + No No 0 
20 No ND 
21 No ND 
22 No Yes 0 
23 No No 0 
24 No No 0 
25 No No 0 
26 No No 0 
27 No No 0 
28 No No 0 
29 Yes Yes 1.1 + 
30 Yes Yes 0.9 + 
31 Yes Yes 0.9 + 
" Original code culture numbers of specimens have been renumbered 
to yield more convenient tabulation. 
/, Ratio of 3-0H C12:0/3-0H C14:0 as determined by area under the 
peak. 
e Specimen interpreted as position (+) or negative (-) for the gono-
coccus as defined by criteria defined in the text. 
d ND = Not done. 
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FIG 6. GLC-ECD profiles of fractions of 3-hydroxy acid derivatives 
derived from cervical specimens showing absence (A) and presence (B) 
of 3-hydroxy dodecanoic acid and 3-hydroxy tetradecanoic acid (C and 
D) . J. indicates location of 3-hydroxy dodecanoic acid derivative; ~ 
indicates location of 3-hydroxy tetradecanoic acid derivative. GLC· 
ECD conditions were the same as in Fig 2. 
by preparative GLC. Thus, the method reported is complicated 
involving serveral time consuming procedures. Attention is 
being directed at simplifying the procedure and automating as 
much as possible . This will be important if the chemical marker 
holds up as a good screening method for vaginal gonococcal 
infection. 
3 -hydroxy dodecanoic acid is not unique to N. gonorrhoeae. 
It is present as a major fatty acid in most Neisseria species [15-
17]. Thus, it is important that Neisseria other than the gono-
coccus are rarely present in cervical/vaginal secretions in de-
tectible amounts, i.e., about 10" organisms/ ml or greater. Recent 
studies of vaginal flora suggest that other Neisseria are not 
present in these concentrations [18]. Careful experiments by 
Rothenberg comparing c~rvical gram stains with cultures are 
also reassuring. Almost always when they found organisms 
morphologically constant with N eisseria, cultures were positive 
for N. gonorrhoeae [22]. It is generally assumed that approxi-
mately 10" bacteria/ml are required to regularly see the orga-
nisms microscopically in gram stained specimens. 
The presence of small amounts of 3-0H C12:0 in Enterobac-
teriaceae presents little problem since much more 3-0H C14:0 
is always present in these organisms (3-0H CI2:0/ 3-0H C14:0 
< 0.05) and the protocol chosen uses a trigger ratio of 0.2 to 
minimize false positives. Using a ratio this high could conceiv-
ably result in false negatives. This was not a problem with the 
specimens examined in the present study, but the ratio chosen 
may change with further testing. In fact, if we continue to see 
few specimens with a low ratio, just the presence of 3·0H C12: 
o may be adequate to mark a high suspicion of gonorrhea. If so 
the procedure would be simplified dramatically. Recent reports 
confirm the presence of small amounts of 3-0H C12:0 in some 
Pseudomonas species [23] and large amounts in Chromobacter· 
ium violaceum NCTC 9694 unaccompanied by 3-0H C14:0 
[24]. These organisms are not frequent members of the vaginal 
flora . The organisms that are frequently in vaginal flora, that 
we examined, are devoid of 3-0H CI2:0. The fatty acid has not 
been reported, to our knowledge, in mammalian tissue. How-
ever, the ultimate test of the value of determining 3-0H CI2:0/ 
3-0H C14:0 in vaginal swabs will depend on the frequency of 
false positives in secretions that are negative for the gonococcus 
by culture. 
The reported method of screening for gonococcal infection 
has several interesting potential advantages over culture tech-
niques. Specimens once obtained can be leisurely processed 
without regard for the fragility of viable gonococci. Dead orga-
nisms as well as viable ones will be identified readily by the 
presence of 3-0H CI2:0. Since gonococci are quite fragile and 
host defenses are active in killing gonococci during infection, 
this method may be more sensitive than culture. The test can 
likely be convertible into a self-testing kit using a tampon 
technique, thus, bypassing the need for a health care profes-
sional. Another possible application of ultrasensitive determi-
natio of 3-0H C12:0 involves the diagnosis of gonococcal ar-
thritis. The diagnosis is often difficult to make and use of the 
chemical marker with joint effusions may be very helpful. 
The sensitivity and specificity of 3-0H C12:0 detection for 
identification of gonorrhea in vaginal specimens mayor may 
not turn out to be adequate. However, the concept of hunting 
for unique marker molecules to diagnose other infections should 
be considered. For example, 3-0H C14:0 is unique to gram-
negative organisms and its identification may be useful for the 
detection of endotoxin or gram-negative bacteria in usually 
sterile areas. Alone or combined with determination of muramic 
acid, which is a unique marker of all bacteria, such studies may 
be a useful diagnostic aid. Similarly, the sterol ergosterol is 
present only in fungal cell membranes and thus is a potent ial 
marker for the presence of these organisms in biologic speci-
mens. 
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